Because of the wide diversity of sensor applications, it is hard to capture all characteristics in a single WSN model. In this extended abstract, we will adopt the WSN model called COS-MOS (standing for Cluster-based heterOgeneouS MOdel for Sensor networks), proposed by Singh and Prasanna [2] . A WSN model aiming at large size and scalability, COSMOS features a clusterbased, hierarchical network architecture. It comprises of a large number of low power, low cost sensors, presumably distributed in a large physical environment. The distribution of sensors is close to uniform. That is, in each unit area there is a sensor with high likelihood. Sensors are organized into equal-sized, square-shaped clusters according to their spatial proximity. For each sensor cluster, there is a clusterhead, which is costlier, more powerful in computational capability and radio transmission range. The clusterheads of the whole WSN form a mesh-like topology. The sensors' main job is to collect first-hand, raw data, with or without some initial processing. The clusterheads perform more intensive, more complex tasks. It is at the clusterheads that the data of the sensor network get processed in a collaborative manner. Figure 1 illustrates the basic structure of the hierarchical WSN.
1 The sensor network model
Architecture model
Because of the wide diversity of sensor applications, it is hard to capture all characteristics in a single WSN model. In this extended abstract, we will adopt the WSN model called COS-MOS (standing for Cluster-based heterOgeneouS MOdel for Sensor networks), proposed by Singh and Prasanna [2] . A WSN model aiming at large size and scalability, COSMOS features a clusterbased, hierarchical network architecture. It comprises of a large number of low power, low cost sensors, presumably distributed in a large physical environment. The distribution of sensors is close to uniform. That is, in each unit area there is a sensor with high likelihood. Sensors are organized into equal-sized, square-shaped clusters according to their spatial proximity. For each sensor cluster, there is a clusterhead, which is costlier, more powerful in computational capability and radio transmission range. The clusterheads of the whole WSN form a mesh-like topology. The sensors' main job is to collect first-hand, raw data, with or without some initial processing. The clusterheads perform more intensive, more complex tasks. It is at the clusterheads that the data of the sensor network get processed in a collaborative manner. Figure 1 illustrates the basic structure of the hierarchical WSN.
In Figure 1 , the sensors (represented by black squares) are almost evenly distributed in a twodimensional terrain. Each unit area (or cell) contains one sensor with a high probability. will not be addressed in this work). Most of the time the sensor data are "passively" picked up by its clusterhead.
To facilitate analysis, we quantify the distance of two adjacent sensors to a normalized one-unit distance. Refer to the example in Figure I again: Suppose sensor v wants to send one unit of message to sensor u. The distance from v to u is of 2 distance units. Then by formula (1) with a 2, 2 total units of energy will be consumed:
12 I for transmission from v to v', and 12 = I from v' to u. The clusterhead, we assume, can support multiple power states to transmit to sensors/clusterheads of different distances. We also assume that the clusterhead fetches a unit of data in one unit time. largest transmission power should allow a clusterTo formulate problems quantitatively for head to transmit to the four clusterheads of its analysis, refer to Figure 2 ( Figure 2 (b), if the center clusterhead wants to collect one round of data from its own cluster, a total of 12 x 4+22 x 4 = 20 units of power will be consumed. We will compare the power-saving gain of the proposed clustering scheme against the "onecluster, one-center" approach. The one-center approach's power consumption can be illustrated in where subscript "e" stands for "even."
Notice that both CO and Ce converge to 724 as N grows.
CO and Ce give the total energy dissipation for the scenario that the one-station WSN wants to do one round of transmission with every sensor in the network. In a hierarchical WSN design, the whole square terrain is divided into a set of smaller, square-shaped clusters. There is still a center station for the whole WSN, located at the center of the mesh composed of all clusterheads. The data collection of central station is performed in two phases. In the first phase, all clusterheads collect data from sensors in their own clusters. The data is aggregated and/or preliminarily processed in clusterheads. In the second phase, the WSN's center station collects data from all clusterheads. Figure 4 illustrates the structure of hierarchical WSN. In Figure 4 , each square-shaped cluster consists of x xx cells. The whole WSN is divided into (N)2 clusters. Each cluster has a clusterhead located at the center. The (+)2 clusterheads form a mesh, and at the center of the mesh is the WSN's center station. The optimal cluster size of x, denoted as Lopt, is summarized as below:
In Figure 3 To get the optimal cluster size, we choose a factor of N that is closest to N. For example, when N = 99, the "ideal" cluster size would be 10 by rounding 99. But 10 does not evenly divide 99. The factor of 99 in the close neighborhood of 99 is 9. We will then use 9 as the cluster's size. Note that there exist "unfavorable" terrains, in the sense that a factor of N is quite far from N. For example, when N = 92 the closet factor to 92is4. Figure 5 plots the ratio of min-hierarchicalcost/non-hierarchical-cost: When N = 12, min-hierarchical-cost/non-hierarchical-cost ratio is about 18%; when N = 100, it drops to 2.02%; when N= 200, it is 1.01%. 3 
Concluding remarks
Power-efficiency is a very crucial issue in the design of wireless networked systems. We have stud- ied the problem of assigning clusterheads in a hierarchical WSN toward the end of minimizing the power consumed for transmission. Using the COSMOS hierarchical WSN model [2] , we derived an analytically optimal clustering scheme, in the sense that the resulting 2-level WSN consumes minimal power.
The analytical conclusion of this work is that for a hierarchical WSN of N x N terrain, a good candidate for the cluster-size is a factor of N, that is in the closest neighborhood of N. Taking account of other factors that affect the final decision on a cluster-size, even though this clustersize may not be eventually adopted, it could serve as an appropriate starting point.
